Manager - Project EHV, Veencral Electric Company, Pittefielé, Mass, U U.S.A, 
SUMMARY | 

It is Eeccccated that the ee apabie next gtee in veltage in the U.S.A. will be 460 kv, 
_ to be introduced about 1962. Possibly a higher verses) of the order of 650- 690 mal a0 
may be introduced about 1975. Project ERY was launched in order to solve. tu advance, the 
eo: of transmitting, zerienty and ecanmere sty » large blocks of pever at these volt- 
ages. The pecmnT cnt Sten of Project EHV is described, and reasons are srasnnces for the 
choice of its Er iacipal system characteriacica: Similarities: to and differences from 
other extra-high-voltage experimental lines are discussed. The aetemette digital en ac- 
quisition and Erecessing system will gather, rece: dl and analyze an unprecedented amount | 
of experimental data in the electrical, mechanical , ane mererrelegical fields, cone 
about 12 million items annually. 
REPORT 


C) The bonatel Electric Extra-High-Voltage reset “(called er eiect RAV" for sere 


comprises a | couplets surely yee transmission ayeece watch will peetaee at 460 kv and 650 

kv (50-ky maxinan) near Pittsfield, “Massachusetts, U.S.A. It was announced” during che 
1958 CIGRE gees =n, but technical work and acquirement of the siuat of way had been pro- 
peedtag since the beginning of +1957. Planning is now essentially conslate, and the back- 
pronad, eb icecives and cecuateal slaae of Project EHV will be reviewed in this paper. The 
cost of rhe eative erejact ip aatiaacca at $7,500,000 and will be Soutvibcced by eight co- 


operating manufacturers and one utility (listed in the Appendix). Construction work on 


the site was started in May 1959 and energization at 460 kv of the North Station and ad- 
jacent section of the line is scheduled for May 1960. In 1962 the voltage will be raised | 


to 650 kv, and it is planned to continue testing until the summer of 1963. 


INITIAL PLANNING 


eo From 1934 to 1952, the United States had the only transmission system at higher 


voltage than 220 kv - the 287-kv lines from Hoover Dam to Los Angeles. For various rea- 


i “ ie 
sons, no other systems were built in the BSA. at this or higher voltage until 1953, 

when ae Electric Power energized its first 345-kv line. In the last short six 

years, 345-kv systems have grown rapidly ‘i the U.S.A. and Canada and at the present time © 
there are at least nine utilities using, or planning to use, 345-kv transmission. 

‘The first step. in : planniag Project EHV was i thorough study” ef the present status 


of transmission systens at voltages higher than 220 kv in the U. S,A., Canada. and else- 


where. ‘Then a eocecdst was made, of the future development of extra-high-voltage (ehv) 
systems in the ‘u. S. A » and a very elene correlation was estebitshed between the installed @ 
generation aaa the traudalcelon capect andex The transmission eepectey index is itl 
pressed as EEL wiece E is the line voltage in KV and L the length of the itaas and was 
fist used by cohen in eos the development of the French system.” On the basis ve 
that the installed gewecating capacity in the U.S.A. would attain the ipare of 600- | 
atl ien: kw in 1977 (corresponding to an cateal rate of increase of 7.6%), it was eieres 
dicted that a higher voltage of the order of 460-kv a-c waula be introduced about 1962 
in the U.S.A. With 345 kv already so well established in the Pores States, shove appears @ 
to be little need for 400 kv, whereas 460 kv is a more substantial wad desirable step, in 
line with the present Maecican standard voltages of 115 kv, 230 kv, and 345 kv. At . | 
present, higher voltages than 460 kv do not appear econguiesl iy hastified in the Ue S.A. 
pevever: it is quite possible chat continuation of the Breet. rapid progress in ay trans- 
misston, in the U. S. A, and abroad, will lead to "a second next step” in veltece, possibly 
650 kv or 690 kv a-c about 1975. The first portion of this forecast seems to be confirmed, 
gince several haevicna and Canadian utilities are now investigating 460 kv cheoreticalie 
and experimentally. | | @ 

| ‘The problems which wast be solved by the electrical industry in order to transmit 
large Blecks of power reliably and economically, over limited rights of way; at higher 
voltages than acueantly decd, were reviewed ana classified according to the following 
areas of technical work: (1) system design and performance, (2) electrical line design 


and performance, (3) mechanical line design and performance, (4) apparatus design and per- @ 


formance, (5) insulation, (6) measurements and data processing. The Project EHV staff 


a pe 
was then organized according to these areas.” The available means. of solution were con- 


sidered--analytical studies, laboratory investigations, short experimental lines carrying 


@..1 charging current and with limited terminal apparatus, or prototype ehv systems. It 
was concluded that all of these means are cee sary to obtain the optimum solution, and | 
Project EHV was launched on this basis. 

LOCATION, LENGTH OF LINE, VOLTAGE RANGE 

Project EHV will be located in the towns of Lenox and Lee, in Western Massachusetts. 

@nuis location was chesen because it is only a few miles from the Pittsfield Plant of 
General Electric and from the High-Voltage Laboratory, a major center of ehv research 
under the successive direction of Peek, McEachron, and Hagenguth. Weather conditions in 
this zone are representative of the Northern portion of the U.S.A. and the Southern por- 

tion of Canada. Heavy rainfalls, snowstorms, sleet storms, and strong winds impose severe 
design conditions on local transmission lines. The isokeraunic level is 27, about average © 
for the U.S.A. The Project EHV line runs along the Housatonic River for a length of 4.3 
miles, at elevations between 950 and 1,080 feet above sea level. Soil conditions are 

quite varied, including sand, pasture, rocky woods and swamp. Ground resistivity varies 
between 10 and 1,000 ohms-meter, and counterpoise will have to be used in certain portions 
of the line. 

The length of the line, 4.3 miles, is considerably greater than other experimental 
lines, which range from 0.03 to 1.4 milesc: This longer length, which entails a correspond- 
ing increase in cost, was selected after a thorough study of the differences in the per- 

formance of short and long lines, particularly with respect to radio influence (RI) and 

@-orona less. It is well known that marked standing-wave patterns appear in RI measure- 

ments made on. short lines, because of end reflections. An extensive series of tests was 

made recently to determine the attenuation of RI on single-cireuit and double-circuit 

345 -kv dices.” It was found that the principal mode of propagation, the line-to-ground 

mode, was attenuated at a rate of 4 to 6 db/mile. Therefore, the length of the Project 


ee line was established at 5 miles, later reduced to 4.3 miles because of difficulties in 


obtaining the right of way. Another important difference between short and long lines is 


Se a 


She 
the ratio of fair weather to foul weather corona losses, which on short lines may be 100:1, 

or even bichon! It is very doubtful that the same ratio holds for long lines, because 

the same extreme weather wend iédons would not exist simultaneously along a line 100 or © 
200 miles long. If these ratios were true for long lines, the corona losses would entail 

a significant loss of capacity for the system, probably at the time of peak loads. In. 

the Berkshires it is quite common to have sunshine at one location, and heavy snow at 

another Location a few miles distant. Since there will be five complete weather stations 
along the 4.3-mile line, it will be possible to study the effect of variable weather on. @ 
corona loss, RI jad: eechantcal performance of the line. 

The width of the right of way is 300 feet. This would be sufficient for a double- | 
circuit, 650-kv a-c line, or a single-circuit, 1,000-kv a-c, or 2 x o00ckeadeo Line; the 
highest transmission voltages conceivable with the present status of technology. Additional 
land was acquired for the two terminal stations and five test areas approximately at 
equal distances along the line, where 26 RI meters and many other instruments will be 
located, : : 

In the past, ehv research japcallatises: have been designed as open-ended, experi- © 
mental lines with limited and nonrepresentative terminal equipment. Usually, no effort 
was made to design the line for a given voltage, but rather a broad range of conductor 
sizes, insulation distances, etc. was covered, selecting from these by interpolation the 
parameters for the dovtua of the final system. This approach achieves one workable 
solution for — system, but not necessarily the optimum solution. The philosophy 
for the design of Project EHV is more advanced, similar to that used by the utilities in 
savabbishiee a new system. On the basis of the forecasts described above, it was decided @ 
to design all Project EHV line configurations and apparatus specifically for 460 kv 
and 650 kv. The main difference between the Project EHV design and a system designed by 
a utility is that less conservatism was used in determining safety factors and that, after 


some time, the insulation will be decreased or the voltage raised, to find out whether the 


actual eafety factors correspond to the calculated values. | | : @ ‘ 


The lowest voltage attainable on the Project EHV system is 380 kv, and the highest 


o5 a 
voltage is 750 kv. These values are well below and above the rated voltages of 460 kv 
and 650 kv, respectively. The selection of 380 kv as the lowest voltage will permit cor- 

@..-.2:i0n with the results obtained on European 380-kv systems, and on many experimental 
lines, such as Tidd, Leadville, Chevilly, Rheinau, Leatherhead, etc. Any voltage between 
380 and 750 kv will be obtainable in 0.8 per cent steps. 
SYSTEM DESIGN AND OPERATION 
Project EHV will include prototypes of ehv apparatus to be used on future 460 kv 
Qa higher voltage systems. Actual service experience will be obtained for several years 
under normal weather and operating conditions. For instance, the capacity of the auto- 
transformers was set at 40,000 kva, because calculations showed that this was the smallest 
size of forced-oil-cooled units, which would have basically the same construction and 
geometry of larger units of the same basic impulse insulation level (BIL). One winding of 
the 40,000 kva, 650-kv , 1,925-kv BIL autotransformer is shown in Figure 1. 
A one-phase system diagram of Project EHV in its final stage is shown in Figure 2. 
| The various numbers correspond to the apparatus, whose rating is given in Table I. With 
reference te Fig. 2, there will be four stages of operation for Project EHV: 
Ae Since corona loss may be measured only on open-ended lines, at first the system 
will be operated in this manner at 460 kv. Im order to obtain more data in a 
shorter time, and to study the effect of line length, provision has been made 
for dividing the line into two parts by aicemoy able jumper at tower number three 
(numbered from the North Station). The 0.65-mile “short section” is adjacent to 


the North Station and comprises three portal-type towers, which facilitate 


changing of the line configurations, without lowering the conductors to the 
evouad. Variable interphase spacings from 20 to 50 feet may be set up. Here, 
configurations will be changed every three months, to study a large number of 
different condasters and spacings. The 3.65-mile “long Section" is adjacent to 
the South Station and will be built with representative towers, designed for maxi- 


mum economy, just as the utilities would. On this section, only two phase- 


spacings will be used, 38.5 feet for 460 kv, and 45.5 feet for 650 kv. Here 


ny ae 
line configurations will be tested for about one year each, in order to determine 


aging effects and obtain statistically valid results, over a complete cycle of 


weather conditions. At certain times, the same configurations will be used on © 


the short and long sections of the line, and therefore three lengths may be 


ee 


ae ren 


investigated: 0.65; 3.65; and 4.30 miles. 
pa The same procedure will be repeated at 650 kv. 
3. Later the EHV system will be operated in parallel with the 115-kv system of 
Western Massachusetts Electric Company (WME Co.). By changing the settings of @ 
the regulator and autotransformer taps at both ends (Fig. 2) it will be possible 
to circulate current through the EHV system up to 50,000 kva. Thereby the 
thermal performance of the apparatus will be investigated, under normal load 
odd exec leas conditions. | 
4. Finally the air-blast breaker in the Lee Station on the 115-kv line of WME Co. 
will be csencal and the Project EHV system will temporarily replace this line 
and deliver power to Pittsfield. At that time, the entire Preiece EHV system 
will be operated and dispatched by WME Co. and, in fact, become an integral part 
of the New England interconnected system. By having a utility operate the system, 
valuable data will be obtained of its performance under actual service conditions. 
When the last stage of the project is completed in 1963, a decision will be made’ 
whether to discontinue testing, or to continue at 650 kv or higher a-c voltages, or con- 
vert to 2 x 500-kv d-c. 
CONDUCTORS AND TOWERS 
Conductor sizes and configurations, listed in Table II, have been determined taking SS 
into account the over-all line economics , the RI level and sleet prevention. The con- 
ductor cross-section was chosen to have approximately the most economical value for loads 
somewhat larger than parte impedance loading (Table II). A detailed economic study” has 
shown that at 460 kv, one, two, or three conductors per phase may correspond to the most 
economical configuration, depending upon the load, distance, cost data, and other con- © 


ditions. Therefore, it was decided to use the same cross-section for configurations with 


a7 
one, two, and three conductors per phase, and compare the performance of these configura- 
tions. Such a test ae not been made previously. Four conductors per phase will not be 
tested for the time being, in ordet te avoid duplication with the Coldwater project of the 
Hydroelectric ‘Commission of Ontario.” | : 

The conductor diameters were chosen to yield a RI level of 30 utv/meter at 100 feet 
from the line center. This is the same level as the Swedish lines, which were used as 
reference for calculating RI of the Project EHV configurations, according to Dr. Adams’ 

@ -neory! and experimental results obtained in the Pittsfield High-Voltage ‘Ppbdratery.? 
It was found that ordinary ACSR conductors were adequate configurations of. £53; and 4 
conductors per phase, but that an expanded conductor, 2.32" in diameter, had to be designed 
for the configuration with single conductors per phase. At 650 kv, dnly beat icorat tons 
with three and four conductors per phase will be used, because economic studies have. 
shown that twin expanded conductors are too expensive and single expanded conductors are 
impractical. | 

@ As may be ee from Table Il, the same conductors will be used for the multiple con- 
figurations at 460 and 650 kv. This will permit atiayine idug-term aging by rearranging 
the bondect ere: For instance, after the 460-kv tests have been completed, six aged 
Plover (1.465") conductors will be available. These will be rearranged into two phases 
ef three conductors each for 650 kv. The third (outer) phase will consist of new con- 
ductors from the same Shipment. By comparing the RI level of the two outer phases, it 
will be possible to determine the effect on RI of pre-aging the line at 460 kv. This 


procedure may also present practical advantages for utilities which whish to build an ehv 


@. 2. nd operate it first at a lower woltage with fewer conductors per phase. A portion | 
of the initial investment is thus deferred, but the problems of different electrical and 
mechanical aging of the conductors must be solved. 

The spacings between phases indicated in Table II will be used. It is recognized 
that 20 feet at 460 kv and 38.5 feet at 650 kv may be too low, but it is desired to as- 

@<ertain what is the saaliede spacing consistent with Sccéptable acrvise™ The spacing 


between conductors in the bundle will be maintained at 18 inches for all cases. This is 


@ 


=g- 
about the best compromise between corona loss and RI requirements on one hand, and surge- 
impedance and mechanical requirements on the other hand. Many theoretical and exper imen- 
tal investigations have been made of this particular subject, and there is no need to © 
repeat them. However, 10-inch spacing, corresponding to minimum RI level, will be used 
for the strain busses at the South Station, in order to minimize all RI generated outside 
the line itself. For the same reason the North Station busses will consist of 4-1/2-inch. 
0.D. aluminum tubing, and the separation between phases will be 25 fest” Strings of 22 
high-strength (36,000 1bs.) 5-3/4 x 10" Locke insulators will be used for 460 kv, and @ 
of 30 insulators for 650 kv. For 460 kv, the station BIL is 1,425 kv and the line BIL 
1,550 kv; for 650, the station BIL is 1,925 kv and the line BIL 2,050 kv. It will be 
noted that the station BIL thus chosen are proportionately lower than the BIL of operating 
345-kv and 400-kv systems.” This is the line with modern American trends, wherein the 
improved protective characteristics of /5 per cent arresters permit considerable saving 
by reducing the BIL of the transformers and other station equipment. The number of line 


insulators was chosen after the predetermination of the lightning performance of the line 


by pepactrical medela.~ and on the basis that with the new American air-blast breckere a 
the switching-surge overvoltage level would not exceed 2.5 times the power-frequency line- 
te-grouna voltage. 
As discussed above, the first three towers will be of the portal-type (Fig. 3A) from 

77 to 128 feet high, and from 176 to 190 feet wide. Tower number one, adjacent to the 
North Station will have a passenger elevator to facilitate access to the many instruments 
which will be installed at various locations on the tower, and to the closed-circuit 
television camera. Each portal-type tower will weigh about 80 coed, & 

‘The other 15 towers are being designed for maximum economy, and will be mostly of the 
conventional gereee ccs Some structures will be guyed. Fig. 3B shows the outline of a 
typical suspension cewek, weighing about 15 tons. At 460 kv all three phases are free- 


swinging, as in most transmission lines, and the interphase spacing is 38.5 feet. At 


650 kv the center phase will be restrained from swinging by two insulator chains in V~ 


connection, and the interphase spacing will be increased to 45.5 feet. The V-string 


2g? 
connection has been used successfully in Canadian”? and French: transmission lines, and 
presents certain advantages and economies, particularly in the width of the right of ways 
Oi ccever » it aay also present special preblems, which deserve to be investigated further. 
Economic scutes have alse shown that there are practically no additional gains in using | 
V-string connections also for the outer phases. This convertible design is of interest to 
those utilities, which wish to operate an ehv line initially at a lower voltage. Most 
towers will be of steel, using various designs and grades of steel. One tower will be 
@er. aiunicun, and one of laminated wood. The latter presents special problems in capare 
to corona, Bi) ledkage-curtencs, and an extensive scites: of tests are now being made on 
laminated beams in the Pittsfield Desa altace Laboratery. Span lengths vary from 880 
to 2,175 fegtsuwiteacerags Ba lenath of 1,300 feet. The 2,175 span will be used to 
study aeolian vibrations and,for the purpose of facilitating the emergence of these vibra-. 
tions, the: tenafenter the conductors on the long section will be 22 per cent of the ulti- 
mate, somewhat higher than in most Siler tean ehv lines. The long-section of the line is | 
designed for one-half-inch ice and four lbs./sq. ft, wind and a safety factor of 2.0, in 
accordance with American puactice for heavy loading. No broken Gencncters are assumed in» 
determining the caver leadinge Two ground wires, 203 MCM, will be used, with core: 
ler angle of 25° for the two outer phases. Two aluminum rods will be placed on each 
tower, over the ground wires (Figures 3A and 3B), to attract lightning. These rods will . 
be 40-feet high on the three portal-type towers, 20-feet high on the other 15 enue: 
Lightning will be measured by cathode-ray oscillographs, teinographs ,~’ and magnetic 
links. Four strokes per year may occur on the entire line. In addition, a high-capacity 
@inpuise generator will be installed at tower number two, vatid 3,200,000 volta and 250 kw/ 
sec. It will be housed on an inflated plastic dome, and tests will be made of gtiawaa- 
tion of traveling waves and of their penetration into the two terminal stations during 
fair and foul weather. 
In the past, experimental lines carried only charging current and tie conductor 
@emrerature was the same as the ambient. A limited series of tests made at tiaa?® have 


shown that corona loss, and presumably RI, may be considerably affected by the load cur- | 


=-10- 
rent. In order te study the effect of normal load and of overload currents on the line per- 
formance, current will be circulated on one phase within the 2-conductor and 4-conductor 
bundle configurations, up to 800 A per conductor in the bundle, corresponding to approxi- © 
mately twice the surge impedance loading. This current will be obtained by applying 
about 3,000 V between the bundle conductors separated by insulated spacers. This may be 
a practical method of.sleet prevention in exposed sections of bundle conductor lines. In 
addition to the 3-phase EHV line, 4.3-miles long, three short 3-phase lines, each 400-feet 
long, will be built at the South Station. In each line, one phase will consist of the © 
single 2.32" expanded conductor, another of 2 x 1.465", and the third of 3 x 1.19" con- 
ductors. These are the configurations which will be investigated at 4.60 kv (Table LDDs ie 
Each short line will be aged for at least 15 esate at three different voltages: 460 kv, . 
115 kv, and no voltage, under identical meterological conditions. Conducted radio-inter- 
ference voltage (RIV) will be measured continuously, every 20 sinukes, on the three phases 
energized at 460 kv. After 15 months the conductors which had been aging at 115 kv will 
be energized at 460 kv to measure their RIV, and later the conductors which had been : @ 
aging at no voltage. 
MEASUREMENTS, DATA ACQUISITION AND PROCESSING 

In addition to proving the reliability of the line and apparatus for service under 
representative conditions at 460 kv and 650 kv, one of the main objectives of Project EHV 
is the collection of experimental data. This will be done on a much ee scale than 
other experimental ehv lines, expanding the concept and method of continuous measurements 


: ; 1 : 
(Dauermessungen) first used in the Rheinau test station. In order to obtain maximum 


efficiency and accuracy at minimum cost, almost all data to be measured at regular inter- 
tele ef tins, will be acquired, transmitted and processed automatically. It is desired 

not only to study the obtained broad practical aspects of @6hv technology, but also to try 
interpretation of the shysical causes for observed effects in as much detail as possible. 
This should eliminate some of the bread scatter of information from other investigations 


where, for instance, weather was classified as fair or foul, with possible further sub- = 
18, 20 


divisions into apparent fair, rain, fog, snow, and frost. In addition, better cor- 


-ll- 
relation must be established between laboratory and field results. For instance, in the 
RI field, conductors installed on lines show a 2:1 lower performance than in Laboratory 
@... ts. 

Table III presents a list of the measurements which will be made at the five test 
locations, numbered from the North Station and spaced at about equal distances along the 
line. These measurements are 334 in total, of 46 different types and may be subdivided 
into electrical (corona loss, RI, etc.), mechanical (strain and stresses in the conductors 


@an tov 


All quantities will be measured which are of interest to determine the electrical and 


ers, aeolian vibrations, etc.), and metereological (temperature, pressure, etc.). 


mechanical performance of an ehv line, and also many quantities which may affect this 
per formance. For instance, aerosols (small particles floating in the air) will be in-— 
vaetigateas because presumably they influence RI and corona loss. 

In total 250 measurements, of 35 different types, will be obtained through the digital 
data acquisition system sligen’ 14 the simplified block dingrain of Fig. 4. The first Link 
in the automatic system is the transducer, which converts the quantity being measured into 
an electrical quantity such as voltage. Whenever the transducers are accessible (e.g., 
the 26 RI meters), they are connected to the remainder of the system by means of shielded 
wires. In some cases transducers are located directly on the energized conductors (e.g., 
strain gages) and their output is brought to ground by special radio telemetering nieip 
ment, designed to operate from batteries which will be recharged every 30 days. The 

| output of the transducers may vary slowly or rapidly with time. Instantaneous values are 


recorded of slow varying quantities (e.g., barometric pressure), but the rapidly varying 


@ auantities are processed in an:analog:computer to obtain the maximum value (e.g., con- 
ductor sag and swing), average value (e.g., RI and corona loss), or both (e.g., wind 
velocity and conductor tension). The data is then processed by the General Electric Type 
3/0 Data Aéduisition System, which is capable of taking 250 readings at a rate of 240 per 
minute, either once every 20 minutes in fair weather, or once every two minutes in foul 

@ weather... oi Comic. The decision between these two cycles is made automatically, when- 


ever the system detects that certain quantities are outside arbitrary limits (e.g., wind 


1.2 - 
velocity exceeds 30 m.p.h.), or on demand from the control building at the North Station. 
The programmer controls the operation of all the components in the system... At the end of 
each cycle, it counnide the four scanners to scan the quantities being measured. These 
quantities are attenuated to the peeeen range and are digitalized by the analog-to-digital 
converter at each station. The digital outputs are transmitted by shielded cable lines 

to the control building and are recorded on paper tapes. These paper tapes are then read 
in turn, off-line, and the output typed out on a flexowriter. Every two weeks the paper 


tapes will be converted to magnetic tape and the data will be processed through the TBM- 


705 Electronic Data Processing Machine of the Power Transformer Department. This computer 


will process about 12-million measurement data yearly. It will scale all data, check 
their validity, determine statistical averages, standard deviations, and--by using multiple 
regression auatyeie correlation coefficients to show the dependence of any variable on 
any other. It is believed that the system outlined above will obtain this unprecedented 
amount of data, in quantity and type, at the lowest mci Wa the shortest time, and 
with maximum accuracy. 
ADVISORY COUNCIL 

It is clear that practically all the technical problems, which will be investigated 
within Project EHV, are of direct interest to the utilities. The close association be- 
tween electric manufacturers and utilities of Oe U.S.A. and Canada, has enabled the 
manufacturers to be alert: always and cognizant of the challenges facing their customers, 
and thus offer their facilities, knowledge and services for the solution of the utilities’ 
problems. Therefore, it is extremely important that the utilities take a leading part in 
determining the nature, scope and timing of the Project EHV research investigations. 
With this eudneee in mind, the General Electric Gompany approached the Edison Electric 
Institute (EEL), the association of investor-owned American electrical utilities, in 
1958, asking them to name an Advisory Council for Project EHV. EEI appointed a Task 
Force on EHV Transmission, consisting of prominent engineers ae eight major utilities 
of the United States. Subsequently, the General Electric Company named three represent- 


atives from American government-owned utilities and three from Canadian utilities, since 
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these two groups ere ace represented in EEL. 
In 1959, a Committee of Consulting Engineers, consisting of twelve representatives of 
©. nsuicing firms in the U.S.A., was appointed. It is planned to hold about three meetings 
every year with these two groups. | , 
: CONCLUSION: 
The objectives of Project EHV are: 
1. To help prove that ehv eaceas above 380 kv, in all their interrelated components — 
© and aspects, are feasible » more reliable, and more economical for the transmis- 
sion of large blocks of power over narrower rights of way, than systems preeeutly 
used. | 
2. Toe contribute technical wnowledze which will advance the continued expansion of 
electric power at reduced costs. 
APPENDIX 
| In addition to the General Electric Company, which will manage and operate Project 
le and furnish all the electrical apparatus, the following companies are cooperating: 
The ‘Aluminum Company of America:will furnish all line conductors, spacers and accessories, 
the statin structures and busses, and one aluminum tower; The American Bridge Division of 
U. S. Steel and Anchor Metals, Inc. will furnish the steel towers; Rilco Laminated Prod- 
ucts and Bey erhsdueer Timber Companies will furnish a laminated wood tower; Brewer- 
Titchener Corporation will produce forgings for corona shields and other hardware; 
Peatien Engineering Company, the tension stringing equipment; Btoue ond Webster Engineer- 
ing Corporation has designed the line and is in charge of all construction work; and 
@iiestern Massachusetts Electric Company will provide electric power and cooperate in the 
system design and operations In addition, Commonwealth doccdigtcs, Inc. will design two 


ef the steel towers. 
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The following are to be measured every 20 minutes, and in addition every: 2 minutes on demand: 


1 Temperature 


br & FE RE 6 wp en Oo we BD 


FE BBERK& & 


Ice & Frost on Cold Dummy Cond. 


Ice & Frost on Warm Dummy Cond. 


Temp. of Cold Dummy Cond. 
Temp. of Warm Dummy Cond. 
Humidity (Dew Point) 
Infrared 

Aerosol, Count 

Aerosol Density 

Conductor Temp., Cold Cond. 
Conductor Temp., Warm Cond. 
Conductor Surface Conditions 
Pressure 


Wind Velocity, perp. to line 
Near Towers 1,4,7,11,14,16 

Wind Velocity, perp. to line 
Wind Velocity, par. to line 


Wind Velocity, par. to line 


Rainfall and Snowfall . 


Start of Rain and Snow 


Wind Contacts in Bundle,3. Meas. 


Line Voltage - 3 Meas. 
Line Voltage - 3 Meas. 


Corona Loss - 3 Meas. 


244A Porcelain Loss - Alternate 


22 


Measurement 


Reactive KVA 


25A Porcelain, Reactive KVA - 


26 


az 
28 


Alternate Measurement 


Radio Noise 

mc, under htd. phase 
mc, 100° out 

me, 150' out 

me, 100' out and 

1/4 wave axially 

mc, 100" out from un- 
heated phase 

me conducted 


a ee 


1 me conducted- Aging Area - 


Single Cond. 

Two Cond. 

Four Cond. . 
1 me, background 
1 mc, 115 KV Line 
150 Ke, 100' out 


Corona Pulses 


Electric Field 


22 Aeolian Vibrations 


Outside Phases § Meas. 
Ground Wire, 1 Meas. 
Towers 1 & 11 


1,1,3,5 


1,5 

1,5 

1,5 

1,5 
1,1,3,5 
1 


1,2,354,5 
| 1,253,455 


1,3,5 
1,3,5 
1,5 

1,3,5 


1,2,2,3, 


4,5 


152,253; 
4,5 


1,2,2,3, 


4, 


1,2,2,3, 


9 


152535455 
152535455 


1 


1,5 


1 
3 
1 
y) 
3 
y) 
1 
1 
1,3,5 
1 
1 


1,3 


92939459 


Avg. 
Peak 
Avg. 


Inst. 
Time On 
Count 


Peak 


Avg. 


Count 


Cont.& Avg. 


of Log 


Inst. 


40 C to +40 C 2° 
Weight equal to 4.5" Dia. 3% 
Weight equal i 4.5" Dia. . 3% 
-40 C to +60 C 2° 
-20 to +80 C 2° 
Dewcell temp.-30 C to +50 C 2° 
O = 2 gm. Cal/cm@/min. 3% 
105 to 107 per ft.7 5% 
10-7 to 10 grams/liter 10% 


-40 to +60 C 2° 
-20 to +80 C 2° 3 
. Photographically 

26.5" = 30.5" : 3% 

75 mph — 3% 

50 mph 3 eee | 

75 mph | | | 3% 

50 mph i : ey 

6" jas) ,005 Resolution 

.002" Within 1 min. 

750 kv, LL 1% 

750 kv, LL | if 

200, 2000 KW De Se 2 Scales 

50 w, 500 w 54% 2 Scales 

20 KVA : | oe 

500 VA 1% 

44 - 70 db 3% 2 Scales 
- 24 = 50 db " " 

“17 - 43 db ) " 7 n 
24 -50db " itt 

24 = 50 db : w ae " 

78 = 104 db 5 fn " 
- 66 = 92 db " n 

66 = 92 ab " " 

66 = 92 db " a 

10 - 70 db " fv 

35 - 61 db fw n 

38 - 64 db " " 
00: 1 Threshold 5% 

50v to 15 kv/meter 20% 

: 3% of Log 

10 g.; 100 eps 34 
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320 Axial ‘Tension 
Outside Phases each cond. 


8 meas., Towers 1 & 18 15 Peak & Avg. 17 - 25,000 lbs. 3% 
31 Torque 
Center Phase, 1 Conductor 1,3 Peak & Avg. 1,500 1b, in. 3% 
Towers 1 & 11 
32 Sag 
Towers 1-2, 3 meas. 1 Both Peaks ge 3% 
Towers 2-3, 3 meas. 1 Both Peaks 9 3% 
Towers 5-6, 3 meas. 2 Both Peaks ge 3% 
Towers 18-17, 3 meas. 5 Both Peaks 9° 3h 
22, Swing | 
Tower 4, 3 meas. 2 Peak 35° 3% 
Tower 7, 3 meas. 2 Peak 35° 3% 
Tower 11, 3 meas. 3 Peak 35° 3% 
Tower 16, 3 meas. 5 Peak B50. 3% 
24 Vertical Load 
Tower 4, 3 meas. 2 Peak 12,000 | 3% 
Tower 6, 3 meas, 2 Peak 9, 500 3% 
Tower 11, 3 meas. 3 Peak 20,000 3% 
35 Tower Stress 
Twr. 4, Al., Tang., 4 meas. 2 Peak 50,000 lbs. 3% 
Twr. 6, St., Tang., 4 meas. 2 Peak 50,000 lbs. 3% 
Twr. 10, St., Tang., 4 meas. 3 Peak 50,000 1ds. , 3% 
Twr. 14, Wd., Tang., 4 meas. 4 Peak 50,000 lbs. 3% 
The following are to be measured as they occur but not processed automatically: 
36 Switching Surges, 3 meas. 1,5 Waveshape 2.3 MV 5% 
37 Fault Currents, etc. mag. osc. 1,5 Waveshape 160 amps. 5% 
20 meas. 
38 Lightning Currents, oscillo- Every Waveshape 70 KA 10% 
graphs Tower 
38), Lightning Currents, mag.links Every Peak Ampli- 70 KA | 10% 
Tower tude “en 
The following are to be measured regularly but not processed automatically: 
39 Conductivity of rain & snow 1,253,4,5 Avg. 10,000 ohms/cm? 5% Manually 
weekly 
40 Aerosols, “pi-volume air sampler 1 Avg. Type and Weight Manually 
4), Small Ion Meter ak Inst. 
42 Conductor Contamination every 1 ~ Cont. Closed Cir. T.V. 
20 min. ee 
43 Porcelain Contamination every 1 Cont. Closed Cir. T.V. 
20 min. 7 
44 Aerosols, Dust Spot every 1 Avg. 
20 min. 
46 TV Interference, weekly 1 Inst. 20% 
Don D. Davis 
Development Engineer 
Instrumentation & Communications 
PROJECT EHV 
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_ Name 


Power Transformer | 


Distribution Transformer — 


High-Voltage Switchgear 


Medium-Voltage Switchgear 
Low-Voltage Switchgear 
‘Insulator | 

Capacitor | 
Communication Products | oe 


‘Technical Products 


Instrument 


‘Wire and Cable 


General Engineering Lab. 


User Sales Industries — 


Computer 


, Canadian General Electric 


Location 


‘ Pittsfield, Mass. 


Pittsfield, Mass. 


Philadelphia, Pa. 


Philadelphia, Pa. 


Philadelphia, Pa. 


Baltimore, Md. 


Hudson Falls, N. Y. 
Lynchburg, Va. 
| ‘Syracuse, No Yo 
_ West Lynn, Mass. 


 Sommorsworth, N. H. 
Bridgeport, Conn. 


: Schenectady, N. ¥. 


Schenectady , N. Y. 


Phoenix, Arizona 


Toronto, Ontario 


Products & Services 


power transformers, regulating _ 


and isolation transformers. 


lightning arresters, 


distribution transformers. 


circuit breakers, disconnects, 
station design. Le 


| medium-voltage switchgear. 


relays, low-voltage switchgear. 


insulators and hardware. 


series capacitors. 


soupting, capacitors, line mrere . 


carrier current. 


| closed-circuit television. 


instruments, instrument trans- 
formers. 


meters : 
eables. 


- gpecial instruments. 


a.c. board and transient 
analyzer studies. 


data collecting system, analog 
to digital converters. 


gas-filled measurement 
capacitors. 


No. 


17. 


18. 


19. 


20. 
21. 


22. 
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Name 


aidtoee Company of” 
America 


American iaeiase Division 


of U. 8. Steel 
Anchor Metals, Inc. 


Petersen Engineering 


‘Company > 


Stone & Webster Engi- — 
neering Gorporation 


Rilco Laminated Products 


and Weyerhaeuser Timber | 
Companies 


23; Western Massachusetts 
Electric Company 

24. Brewer-Titchener 
Corporation 
od 

CBL:ed 

9+1-59 


Pittsburgh, Pa. 


oo Pittsburgh, Pa. 


«Ft. Madison, lowa — 


Boston, Mass. 


St. Paul, Minn. 


Springfield, Mass. 


- Cortland, N. Y. 


Products & Services 


line conductors, spacers and 
hardware; station structures 
and buses; one aluminum hewe:, 


lightning» rods. 


steel towers 


steel towers 


tension-stringing equipment : 


right-of-way atquisition, 


_ line design and erection. 


Laminated wood tower. 


electric power, system design 
‘and operation. 


“forgings for corona shields 
and other hardware. 
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FIGURE CAPTIONS 


Winding of the 40,000 KVA, 650-KV, 1925-KV BIL Autotransformer for the North 


Station. | | 


Circuit Diagram of Project EHV System. Numbers Refer to Apparatus Listed in 


Table I. | 
Typical Steel Towers. A - Short Section, 5 - Long Section, 


Block Diagram of the Measurement and Data Acquisition System. 
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